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APPLICATIONS OF AUTOMATIC TRAFFIC 
RECORDER DATA IN HIGHWAY PLANNING 

BY THE DIVISION OF HIGHWAY TRANSPORT, PUBLIC ROADS ADMINISTRATION 
Reported by L. E. PEABODY, Senior Highway Economist, and O. K. NORMANN, Associate Highway Economist 

information with re- 
~ gard to the volume 

of motor-vehicle traffic by 
hours throughout the year 
was available only at a 
few bridges, where it was 
obtained incidental to the 
collection of tolls. ° Usually 
these data were summa- 
rized and reported only as 
an annual total or, at 
best, subtotals were ob- 
tainable by months. The 
need for complete traffic 
flow information was rec- 
ognized, but until the 
State-wide highway plan- 
ning surveys were begun 
no concerted effort was 
made to obtain such data 
on anything approaching 
a Nation-wide scale. To- 
day, at more than 500 
points throughout the 
country, and in_ nearly 
every State, traffic-flow 
information is being ob- 
tained by means of per- 
manently installed traffic 
counters. At many hun- 
dreds of additional points 
this information is col- 
lected by means of port- 
able traffic counters. The 
cost of this mechanical 
counting is but a small 
fraction of the cost of 
manual counting. 

Since detailed traffic da- 
ta are so recently available 

©) nto: a few years ago 

Automatic traffic recorders are being used in 46 
States to obtain continuous records of traffic flow at 
more than 500 locations. Analysis of data from 
typical stations throughout the United States shows 
that there was an extremely wide variation in the ratios 
between traffic for maximum days or hours and the 
average annual daily traffic, but this variation was 
considerably less at locations in the southern States 
as compared with those in northern States. Traffic 
on the maximum day was normally 233 percent and 
the maximum hour 25.4 percent of the annual average 
daily traffic. It is uneconomical to design the average 
highway for a greater hourly volume than the value 
exceeded during the 30 peak hours each year, and 
little will be saved in the construction cost and a great 
deal lost in expediting the movement of traffic if the 
design will not handle the volume exceeded during the 
50 peak hours. However, the variation in traffic 
flow between locations is such that detailed data are 
necessary for a complete engineering analysis of the 
traffic facilities required at any particular location. 

Tests of various schedules of operation that are used 
in highway planning surveys indicate that eighteen 
8-hour counts properly scheduled throughout the year 
produce results within practical limits of accuracy; 
that the short count schedule by single hours, or shorter 
periods, is not as accurate, and its use is limited to 
relatively compact areas such as a city where time loss 
and cost of travel may be reduced. 

A study of the invariance in seasonal and other types 
of traffic variation over a period of several years 
provides a measure of the limitations in the use of 
factors in estimating annual traffic from observations 
covering but a small period of time, possibly a few hours. 
The rather remarkable uniformity in such factors 
provides considerable confidence in the accuracy of 
the estimates. 

As the traffic records accumulate they will permit an 
analysis of the traffic trends at a large number of 
points widely distributed throughout the country and 
should furnish data useful in setting up regional or 
nadional business indices. The relatively brief record 
now available has already proved of value in making 
estimates of traffic increases on major segments of the 
highways and streets of the Nation. 

to obtain reasonably ac- 
curate estimates of the 
traffic total for the year; 
and (4) the traffic record 
is of vital importance in 
the study of traffic trends 
and their relationships to 
economic factors and to 
probable future traffic. It 
is mainly with regard to 
the latter use that the 
record is inadequate; and 
this deficiency is being 
reduced as the records ac- 
cumulate with each pass- 
ing month and year. 

The automatic traffic 
counters used in the State- 
wide highway planning 
surveys are of two general 
types; one designed to 
be installed permanently 
at key locations and re- 
ferred to as a fixed-type 
recorder; and a portable 
counter used in obtaining 
short counts at a large 
number of widely sepa- 
rated locations. 

AUTOMATIC RECORDERS YIELD 

HOURLY RECORDS OF 

TRAFFIC FLOW 

The fixed-type machine! 
is much larger, more ex- 
pensive, and more de- 
pendable than the port- 
able traffic counter. The 
fixed-type machines are 
designed to count passing 
vehicles without counting 

and the record correspondingly short, it is quite certain 
that not all of the practical uses of these data have 
developed. Indeed the record is so short that an 
adequate study of some applications of the data is not 
possible. Nevertheless, it is clear that the principal 
uses of these data are as follows: (1) In measuring the 
time during which a section of highway is congested, 
and the fraction of the year’s traffic that moves under 
conditions of congestion; (2) in compiling a. traffic 
record, obtained under widely varying climatic, geo- 
graphic, and economic conditions, essential in planning 
extensive traffic surveys such as those forming a part 
of the highway planning surveys, and in which some 
traffic information is obtained for every mile of publicly 
used highway; (3) in acquiring knowledge of the varia- 
tions in traffic volume required in expanding short 
traffic counts covering but a small fraction of the year 

280772—41——1 

pedestrians. Two parallel beams of light approximately 
30 inches center to center, directed across the roadway 
upon photoelectric cells, must be interrupted simul- 
taneously to operate the counting mechanism. Pedes- 
trians, who interrupt only one beam at a time, are not 
counted by the machine. Every hour, on the hour, 
these machines stamp on a record tape the day, hour, 
and cumulative counter reading, thus producing an 
hourly record of the number of vehicles passing the lo- 
cation. The cost of one of these machines is approxi- 
mately $400 and the average cost of installation is approx- 
imately $125 per machine. A survey of the operating 
costs in 1938 for all States using this equipment gave 
the average cost of operating one fixed-type automatic 
recorder at a rural location for a month as follows: 

1 The May 1938 issue of PUBLIC ROADS carries a detailed description of these 
machines. 
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The portable-type traffic counters used in the plan- 
ning surveys consist of two general types, the recording 
counter and the cumulative or nonrecording counter.’ 
The recording-type machine produces records by 
printing or photographing the cumulative counter 
reading on a record tape every hour on the hour. The 
cumulative counter enables a record to be obtained 
only of the total traffic passing the machine between 
readings by an observer. In a few instances, cumula- 
tive counters have been equipped with a clock that 
starts and stops the machine at predetermined times, 
thus eliminating the necessity for placing the machine 
and picking it up at a definite time. 

The operating mechanisms of the portable counters 
are of two types—electrically operated and mechan- 
ically operated. The majority of the mechanically 
operated machines are an adaptation of a watch or 
clock, so arranged that the escapement is operated 
when the wheels of a vehicle pass over the detector. 
These counters have generally been referred to as 
watch-type counters. So far this type of construction 
has been confined to cumulative counters. However, 
work is in progress to develop a recording counter that 
will be entirely spring operated. 

Most of the portable machines now in operation 
make use of a pneumatic detector consisting of a rubber 
tube placed across the roadway and a diaphragm of 
some flexible material at one end of the tube. The 
air impulse produced when each pair of wheels of a 
vehicle passes over the tube causes the diaphragm to 
move, which, in turn, either actuates the contacting 
elements controlling the counting circuit, or operates 
directly the escapement of the counting mechanism. 
Other detectors used with portable machines are a 
photoelectric device using one light beam, and a 
positive-contact device consisting of two strips of 
spring steel, enclosed in a waterproof casing, which 
make contact when pressed together by the wheels of a 
vehicle passing over them. 

The cost of portable counters ranges from $10 for the 
watch-type cumulative counter to $225 for the hourly 
recording type machine. A number of States have 
constructed cumulative counters of the electrically 
operated type at a cost of approximately $25 per 
machine, all of which use the pneumatic detector. 
One State has constructed recording counters using the 
pneumatic detector at a cost of approximately $80 per 
machine. Another State has constructed a portable 
counter using a photoelectric detector with a photo- 
graphic recording device at a cost of approximately 
$125 per machine. 

The portable traffic recorders have not been in use a 
: : ‘ pe counter of this type is described in the January 1939 issue of PUBLIC 
LOADS. 

sufficient length of time for the cost of their operation 
to have been accurately determined. One difficulty in 
determining the cost of records is that it depends almost 
entirely on the distance between stations and the 
schedule upon which they are operated. One State 
has reported a total cost of $1.62 per count for 24-hour 
counts obtained with the simple cumulative counter. 
This cost includes salary, mileage, parts, power, and 
incidentals. Another State reports a total cost of 
approximately 87 cents per 24-hour count. These 
figures are for eastern States where stations are close 
together. The estimated monthly cost of operation 
(parts, batteries, and incidentals) is $4 for one of the 
recording-type portable machines. The operating cost 
of the cumulative counters is less than that, so it is 
very evident that the charges for salary and mileage 
are the major part of the cost of counting traffie with 
portable traffic counters. 

Experimental development and field tests of the 
automatic traffic counters were carried on throughout 
1935, and 84 of the fixed-type machines were placed in 
operation by the States during 1936. In 1937, 115 
additional fixed-type counters were installed; in 1938, 
120; in 1939, 168; and up to July 1940, 45 new fixed- 
type machines were placed in operation. <A total of 
532 such machines were in operation during July 1940. 
A complete statement of the record, by States, is given 
in table 1, and the locations of these machines are 
indicated in figures 1, 2, and 3. 

Locations for the machines were chosen by the 
States with the assistance of the Public Roads Adminis- 
tration. Detailed knowledge of economic areas within 
the States and of the character of traffic using individual 
routes were factors in the selection of locations. Con- 
sequently, farm-to-market roads, roads used largely by 
tourist traffic, and roads upon which intercity commer- 
cial traffic is a considerable fraction of total traffic, are 
included among the locations. 

To obtain information regarding the fluctuation of 
traffic flow on primary highways, automatic traffic 
counter records for 90 stations located on the main 
U.S. numbered highways have been analyzed. In 
selecting record stations for analysis, an attempt was 
made to include scattered locations so that the figures 
for annual traffic volumes would cover a wide range 
and be geographically distributed throughout all 
sections of the United States. The traffic records for 
each of the selected stations show the number of 
vehicles for almost each hour during at least 1 full year. 

FLUCTUATIONS IN TRAFFIC FLOW GREATER IN NORTH THAN 

IN SOUTH 

Table 2 shows the location, the period used for the 
analysis, and the annual average 24-hour traffic volume 
for each of the stations. Stations located in 43 States 
and having annual average 24-hour traffic volumes 
ranging from 311 to 13,624 vehicles were used. 

Figure 4 shows the maximum 24-hour traffic volume 
at each location during the year, plotted against the 
annual average 24-hour trafic volume. For any an- 
nual volume, there is a large variation in the peak day 
during the year. For example, the roads with an 
annual average of about 4,000 vehicles per day have 
from 6,000 to 18,000 vehicles on the peak day, or a 
variation of 300 percent. The average shown by the 
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solid line indicates that there is a slight drop from a 
straight-line relationship as the volume increases. For 
sections that have annual averages between 2,000 and 
4,000 vehicles there is a marked sag in the curve. On 
an average, the maximum 24-hour traffic volume was 
2.45, 2.20, and 2.34 times the annual average 24-hour 
volume for locations with annual averages below 2,000, 
between 2,000 and 4,000 and over 4,000 - vehicles, 
respectively. 

TABLE 1.—Number of automatic traffic counters! which started 
operation in various years 

State 1936 1937 1938 1939 1940 
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TaBLE 2.—Location of automatic traffic recorders used to obtain 
data for study of fluctuation in traffic density 

Location Period used 
Annual 
average 

State State’s 24-hour 
recorder | United States route , traffic 
station No. From To— volume 
NO. 

yee cD). ae, eee j= 1-30) 12-31-39 531 
Alabama_-------. i SHR rauip eres tet gee 12-25-37 | 12-24-38 1,073 

x jee B02 70, R02 eee 7- 7-39 | 7- 6-40 7,174 
Arizona. .--------- a et. bee: Glhand’sone oe 1-28-39 | 1-27-40 1,743 
Arkansas__.------- tie pO es ak oes eee 1- 1-39 | 12-31-39 311 
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Baer e eS SiS Tavewee ewe ses 9-27-37 | 2-26-38 4, 334 
Colorado---------- ‘ eae ee A eee 6-26-38 | 6-25-39 5, 472 

. 6 and 7__| Merritt Parkway__-| 3-31-39 | 3-30-40 13, 624 
Connecticut. .---_- oe pe Ce te Oe Rea eS 3-31-39 | 3-30-40 8,313 

(pee iio oe ae 11-27-38 | 11-26-38 749 
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1 i: SR eee 5-15-37 | 5-14-38 3 365 
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Georgia _------.-.- 5 Maacieere es. i 1 1-39 | 12-31-39 632 

TABLE 2.—Location of automatic traffic recorders used to obtain 
data for study of fluctuation in traffic density—Continued 

Location Period used 

Sn a, | Annual 
2 | | average 

State State’s | 24-hour 
recorder | United States route | ... - traffic 
station No. From— | To— volume 
No. } 
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1 State route. 

An investigation of the surface width at each location 
showed that all stations with annual averages below 
3,400 vehicles had 2 traffic lanes. As the annual 
average increased above 3,400, the relative number of 
sections wider than 2 lanes increased until at 4,500 
vehicles practically all sections had more than 2 lanes. 
It, therefore, seems that the sag in the curve was due to 
a tendency for some drivers to avoid heavily traveled 
2-lane highways on days of peak traffic. 
A classification of the stations by their geographic 

location showed that at stations in the North, where 
there usually is considerable snow and ice each winter 
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the number of vehicles during the maximum day 
averaged 2.6 times the number on the average day 
while in the South there were only 1.8 times as many 
vehicles on the maximum day as on the average day. 
The curves for both the northern and southern loca- 
tions (fig. 4) show the same general tendency for the 
slope of the curves to decrease when the annual volume 
reaches about 2,000 vehicles per day and then to 
increase and return nearly to the former slope at 
between 4,000 and 4,500 vehicles per day. 

Figure 5 shows the tenth highest 24-hour traffic vol- 
ume for each station plotted against the annual average 
24-hour volume. The variation in the tenth highest 
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Figure 1.—Location or AuTroMATic TRAFFIC RECORDER STATIONS IN WESTERN STATES. 

values for any particular annual average 24-hour vol- 
ume is considerably less than for the maximum 24-hour 
volume. On an average, the traffic volume on the 
tenth highest day is 1.75 as great as the annual average 
24-hour volume. Corresponding figures for the loca- 
tions in the northern and southern States are 1.88 and 
1.44, respectively. In other respects, the curves are 
very similar to those for the maximum days. ‘The 
tenth highest day was selected as an index because it is 
felt that it represents the conditions that should be 
expected on an average Sunday in summertime. 

Figure 6 shows the same average curves as those 
presented in figures 4 and 5, together with curves for 
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FicurEe 2.—Location or AuToMATIC TRAFFIC RECORDER STATIONS IN EASTERN STATES. 

the average 24-hour volumes during the maximum 
week and maximum month. The slope of each of the 
curves as obtained from the original data decreased 
slightly when the annual average reached about 2,000 
vehicles and then increased until at an annual average 
of about 4,500 the former slope was nearly reached. 
Since the reason for this was probably due to congested 
conditions on a number of the roads in this group, the 

relations shown by the curves on figure 6 are more useful 
when considering design features to accommodate the 
various traffic volumes. However, figure 7 illustrates 
that even these curves are of little value in determining 
maximums from the annual average since there is a 
large variation between different stations. For exam- 
ple, although the volume on the maximum day for the 
average location is 2.32 times as high as the volume on 
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Ficure 4.—Maxtmum 24-Hour Trarric VotumE Durine 1 
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VOLUMES. 

the average day, the group ranging from 1.4 to 1.8 
includes a larger percentage of the locations than any 
other group covering a similar range. In all cases, the 
maximum values for the southern stations do not cover 
as great a range as the northern stations and the values 
for the southern stations are closer to the annual 
averages. 

Figure 8 shows, for different annual average 24-hour 
traffic volumes, the average number of days during a 
vear that the traffic volume exceeded various values. 
Thus, highways with an average of 6,000 vehicles per 
day on an annual basis carried over 12,000 vehicles on 3 
days, over 11,000 vehicles on 11 days, over 8,000 ve- 
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Figure 5.—Trenta Hiauest 24-Hour Trarric VotumE Dur- 
ING | YEAR FOR VARIouS ANNUAL AVERAGE 24-HourR TRAF- 
FIC VOLUMES. 

hicles on 50 days, etc. The curves shown on the figure 
indicate that for the average location, the 24-hour 
traffic volume that is exceeded any certain number of 
days is nearly proportional to the annual average 24- 
hour traffic volume. 

LARGE PROPORTION OF TRAFFIC MOVES DURING PEAK HOURS 

Thus, the average highway carrying 4,000 vehicles a 
day has approximately the same number of days per 
year with a traffic volume in excess of 5,000 vehicles as 
a highway carrying 8,000 vehicles per day has days when 
traffic exceeds 10,000 vehicles. The curves show 56 
days in the one case and 47 days in the other. 

Since for all roads there is a large variation in the 
traffic volumes for different hours of the day, and since 



January 1941 BOB LGA D:S 

18,000 

16,000 

14,000 

12,000 

10,000 | 

8,000 

6,000 

4,000 

24, HOUR TRAFFIC VOLUME - VEHICLES 

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 

ANNUAL AVERAGE 24-HOUR TRAFFIC VOLUME - VEHICLES 

FictuRE 6.—RELATION BETWEEN Various 24-Hour TRAFFIC 
VoLUMES DuRING YEAR AND AVERAGE 24-Hour TRAFFIC 
VOLUME. (DETERMINED FRom Data For 89 HiGHway 
LOcATIONS.) 
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the hourly rather than the daily volume is the more 
practical unit to use as a basis for measuring the capacity 
of a highway and for design purposes, a number of figures 
showing the relations between the annual average 24- 
hour volumes and the individual hourly volumes are 
presented. 

Figure 9 shows the relations between the maximum 
hour during a year and the average 24-hour volume at 
each location. The range in maximum hours for sta- 
tions having similar yearly traffic volumes is great. 
There are cases in which the maximum for one bighway 
is nearly six times as great as the maximum for another 
highway carrying the same total number of vehicles dur- 
inga year. Even the fiftieth highest hour as shown by 
figure 10 is sometimes three times as high for one station 
as for another station with the same annual traffic. 

The slopes of curves for the relations between the 
maximum and fiftieth highest hours and the annual 24- 
hour averages also have a tendency to decrease when 
the annual average reaches about 2,000 vehicles and 
then to increase until they return almost to their former 
slopes near 4,000 vebicles per hour. The curves for the 
stations located in northern States are considerably 
higher than those for the stations in southern States. 

‘Figure 11 shows the relations between the maximum 
hour, the tenth, thirtieth, and fiftieth highest hours, 
and the average daily volume during the year. The 
curves shown in this figure have been smoothed to 
eliminate the sags at annual volumes between 2,000 and 
4,000 vehicles which were probably caused by conges- 
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tion on some of the 2-lane roads in this group during 
peak hours. 

The variations in the percentages that the peak hourly 
volumes are of the annual average 24-hour volumes for 
different locations are shown by figure 12. It may be 
seen from this figure that the variation between loca- 
tions decreases as the number of peak hours that are 
included increases. Thus, although the maximum 
hours average 25.4 percent of the average daily volume, 
at only 23.5 percent of the locations is the maximum 
between 20 and 25 percent of the annual average. For 
69 percent of the locations the fiftieth highest hour falls 
within the same 5-percent range group as the average 
for all of the fiftieth highest hours. As with the daily 
volumes, the peak hourly volumes for the northern loca- 
tions cover a wider range and are a larger percentage 
of the annual average 24-hour density than correspond- 
ing peaks for southern locations. 

Data were available for the percentages that out-of- 
State and commercial vehicles were of the total traffic for | 
70'of the 90 locations studied. There did not seem to be 
any relationship between the percentage of out-of-State 
vehicles and the traffic volume fluctuation but, on an 
average, there was a slight decrease in the fluctuation 
with an increase in the percentage of trucks (table 3). 
Since in the automatic counter records there is no 
separation of trucks from passenger cars, it was not 
possible to determine the cause of this decrease. It is 
reasonable to assume that the peak truck densities occur 
at different times, either seasonal, daily, or hourly, than 
the peak passenger-car densities. Furthermore, routes 
of heavy truck traffic are usually those between centers 
of population between which also flows a substantial 
volume of passenger cars used on weekdays for business 
purposes. Both of these factors tend to increase the 
weekday volume in comparison to the Sunday flow. 

Table 4 shows the relation between the number of 
vehicles during peak traffic density periods and the 
annual average 24-hour traffic volume. On an average, 
there is a very rapid decrease in the average hourly 
volume during the peak period as the number of hours 
included in the peak period is increased. When the 50 
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hours of peak traffic density, which cover only 0.57 
percent of the total time, are included, the average 
hourly volume is only 16.6 percent of the annual 24-hour 
average whereas the maximum hour is 25.4 percent of 
the annual 24-hour average. The percentage of total 
vehicles included in the peak hours is always relativel 
large as compared to the percentage of time involved. 

TABLE 3.—Effect that the percentage of trucks has on the relation 
between the traffic volume during peak density periods and the 
annual average 24-hour volume 

Percentage of trucks in- Percentage of annual average 24-hour 
cluded in total traffic traffic volume 

N Bice 
0) 

locations | Maximum Tenth Fiftieth 
Group limits Average hour during | highest hour | highest hour 

year during year | during year 

IBelOwsl Onecare 10.9 9 PY E 21,2 15.9 
15-20 Seen eee 17.4 19 26. 2 18.4 14.6 
20-25 Pee 22.6 22 26. 4 18. 2 14.2 
IADOVO: 25s goo ee 27.6 20 23. 2 17.3 13.6 

DATA ON TRAFFIC VOLUMES DURING PEAK HOURS NEEDED 

FOR DESIGN OF HIGHWAYS 

Figure 13 shows the average number of hours each 
year that the traffic density exceeded various hourly 
traffic volumes for highways with different annual 
average 24-hour volumes. - Thus, highways carrying an 
annual average of 5,000 vehicles per day had 610 hours 
when the traffic volume exceeded 400 vehicles per hour, 
350 hours when the traffic volume exceeded 500 vehicles 

. ins cos 
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per hour, 200 hours when the traffic volume exceeded 
600 vehicles per hour, ete. 

It is a generally accepted fact that it is not economi- 
cally advisable to construct a highway to accommodate 
the peak traffic densities that will use it during its 
probable life, unless to do so involves no additional 
construction cost over designs to accommodate fewer 
vehicles. However, the time, percentage of time, 
number of vehicles, or percentage of vehicles that may 
be included in the peak traffic densities not cared for 
by the design are still unknown quantities. Although 
the design will depend to a large extent upon the funds 
available for construction, figure 13 throws some light 
on the hourly traffic volumes for which highways with 
different annual traffic densities and having average 
traffic fluctuations should be designed. From the 
figure, it may be seen that for any annual average 
24-hour traffic volume, there is a rapid increase in the 
number of hours included between each 100-vehicle 
change in the hourly volume when the number of hours 
included is greater than the 50 peak hours, but there is 
only a small change in the number of hours included 
as the volume goes below the value shown for the 
thirtieth highest hour. 

TABLE 4.—Relation between number of vehicles during peak traffic 
density periods and the annual average 24-hour traffic volume 
(average for 60 northern and 30 southern stations) 

Percent that average 
hourly traffic volume Per- 
during peak density | centage} Percentage of total an- 
periods is of annual | of total nual traffic included 
average 24-hour traffic | time in- 

Time period volume cluded 
__|(annual = 

basis) 
ports pOntns Aitietas po South- itetae 

P : tions * ae tions stations | stations stations | stations 

Maximum month (30 
GSys\ae te seas 6.1 6:2 5.8 8. 21 12.03 | 10.26 11. 44 

Maximum week. Z 6.8 5.5 6.3 1.92 3.13 2.53 2. 90 
10 highest days. __ 8.9 6.4 8.1 2. 74 5.85 4.21 Dace 
Maximum day---_----- 10.8 7.4 9.7 <2L ath! .49 . 64 

Maximum hour-__-_---..- 28.3 19.6 25.4 AOL . 08 05 .07 
10 highest hours_---.--- 22.7 16,3 20.6 eal, . 62 45 . 56 
20 highest hours__--_--- 20.9 15.0 19.5 23 1.15 . 82 1.07 
30 highest hours___.___- 19.6 14.3 18, 2 . 34 1.61 LoS 1.50 
40 highest hours__--_--- 18.8 13.9 17.4 46 2.06 1. 52 1.91 
50 highest hours___-_-_- 18.1 13.5 16.6 Alavi 2.48 1.85 2. 30 

For example, at the average location with an 
annual average 24-hour traffic volume of 4,000 vehicles, 
the various hourly traffic volumes are exceeded for the 
number of hours shown in the following tabulation: 

Number of 
hours during 

Hourly traffic volume: 1 year 
9} eee ee eo ee et eee 1 
CLO LO NS ac, Spel oe A ee 8 
i) es SNE, OE ca See eee 20 
(.) () Reece Aes me eee See 30 
CUO RE as = ae eee 50 
5) ee ees eae ER 6 eee eS 115 
A.) rr ee ee mpi 88 ee ee 280 

A design based on the maximum hourly volume would 
be required to handle nearly 1% times as many vehicles 
per hour as a design based on the 30 peak traffic volume 
hours, but the additional number of vehicles accom- 
modated would only be 1.5 percent of the annual traffic 
(table 4). On the other hand, designing for a traffic 
volume only 30 percent less than the volume exceeded 
during 50 hours would result in a 560 percent increase 
in the number of hours of traffic not accommodated by 
the design. The percentage of the total number of 
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From Data For 89 Hicguway Locations.) 

vehicles using the highway that would not be accom- 
modated by the design would be increased from 2.3 to 
9.9. It, therefore, seems that for the average highway, 
it is impractical to design for a greater hourly volume 
than the value which will be exceeded only during the 
30 peak hours each year and that little will probably be 
saved in the construction cost and a great deal lost in 
expediting the movement of traffic if a design is used 
that will not handle the traffic volume exceeded during 
the 50 peak hours. The exact value to use depends 
upon the traffic volumes that the different designs will 
accommodate. Thus, if the traffic volume is such that 
to accommodate the hourly volume exceeded for 3 
hours during a year requires a greater number of traffic 
lanes than to accommodate the hourly volume exceeded 
for 50 hours, the lower number of lanes should prob- 
ably be used. 

Since this analysis is based on the average fluctuation 
in traffic density for many highways, the results are not 
applicable to each location. For an extreme example, 
a comparison has been made of the data for the station 
included in this anlaysis that had the greatest fluctua- 
tion in the hourly traffic volumes during the year and 
the station that was found to have the most uniform 
flow of traffic. The percentage of the total time dur- 
ing which each of these road sections carried traffic 
volumes in excess of different numbers of vehicles per 
hour and the percentage of all vehicles that passed over 
each road section when the hourly traffic volume was in 
excess of the specified traffic densities are shown by 
table 5. The section with the largest variation in 
traffic flow had an annual average 24-hour traffic volume 
of 4,057 vehicles, waslocated in the North, and is referred 
to as section A. The one with the most uniform traffic 
flow had an annual average 24-hour traffic volume of 
4,226 vehicles, was located in the South, and is referred 
to as section B. 

Although practically the same number of vehicles 
used these two road sections in 1 year, the traffic on 
section B was rarely in excess of 500 vehicles per hour, 
while on section A it sometimes reached 1,200 vehicles 
per hour and was in excess of 500 vehicles per hour 
for 5.5 percent of the time. Since the percentage of 
the total vehicles during high density periods is greater 
than the percentage of the total time occupied by the 
same density periods, 25.1 percent of the vehicles 
traveled over section A during the 5.5 percent of the 
time that the hourly density exceeded 500 vehicles. 
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TABLE 5.—Percentage of time and percentage of vehicles included 
during periods that road sections carried traffic in excess of differ- 
ent hourly volumes 

Cumulative percentage | Cumulative percentage 
of total time | of total vehicles 

Hourly volume, vehicles 

| 

| 
| | 
| | 
| 
| 
| 
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Section A | Section B | Section A | Section B 
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1 Less than 0.1 percent. 

Figure 14 shows the data obtained from the auto- 
matic traffic recorders located at these 2 stations in a 
most useful form. The curve for traffic at station B 
shows that a highway designed to accommodate 400 
vehicles per hour would be the most economical design 
at this location for the present traffic, since designing 
for a greater volume would result in but a slight increase 
in the number of vehicles accommodated, and design- 
ing for a traffic volume even slightly less than 400 
vehicles per hour would result in a relatively large 
increase in the number of vehicles that would be 
required to use the highway during periods when the 
volume was in excess of the design value. 

RECORDS OF PAST YEARS USEFUL IN ESTIMATING FUTURE 

PEAK TRAFFIC VOLUMES 

Highway design for the traffic flow at station A pre- 
sents a more difficult problem. Based only on the an- 
nual traffic density, the same design could be used at 
both locations; but if the design at station A were 
based on 400 vehicles per hour, nearly half a million, 
or one-third of the vehicles, would use the road during 
periods when the traffic density exceeded the design 
value. A design to accommodate the same percentage 
of vehicles at station A as are accommodated by a 
design of 400 vehicles per hour at station B would 
have to accommodate 1,200 vehicles per hour. The 
actual design value for the location represented by sta- 
tion A would depend entirely upon the funds available 
and the hourly capacity of highways of different de- 
signs. However, if the present width of surface and 
alinement were identical at these two locations, the 
highway with the traffic flow represented by station A 
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should be given prior consideration in any construction 
or improvement program designed to reduce traffic 
congestion such as the elimination of short sight dis- 
tances, increasing the surface width, increasing the 
number of traffic lanes, or providing grade separations. 

Since highway construction programs must be based 
on future as well as present traffic densities to avoid 
obsolescence in a relatively short time, it is essential 
to estimate future fluctuations in the traffic volumes 
as well as the future increase in the annual traffic. <A 
study of the future variation in traffic flow can usually 
be based on the present fluctuation. When a cumula- 
tive frequency curve such as the one shown in figure 
14 has been determined, it will generally be safe to as- 
sume that the shape of the curve will not change ma- 
terially with either an increase or decrease of average 
daily traffic unless it is definitely known that some 
local development will tend to alter the shape of the 
curve. 

If it is assumed that an increase in the annual traffic 
affects all portions of present traffic volumes propor- 
tionally and that the annual average daily traffic will 
increase to 6,000 vehicles at some future date, the 
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cumulative frequency curves as obtained from the pres- 
ent records made by the automatic recorders can be 
expanded by increasing both values for points along 
the present traffic curve in the same ratio as the esti- 
mated future annual traffic is to the present traffic. 
By expanding the curves for the present traffic on 
sections A and B in this manner to annual average 
daily volumes of 6,000 vehicles, the expanded cumu- 
lative frequency curves as shown by the light lines on 
figure 14 were obtained. In a similar manner, the data 
for the present traffic can be expanded to any annual 
average daily volumes. It is interesting to note that 
at the present time, with a volume of 4,057 vehicles 
per day, a larger number of vehicles travel over the 
highway represented by station A during periods when 
the traffic volume exceeds any value over 420 vehicles 
per hour, than will travel over the highway represented 
by station B when the annual average daily volume 
reaches 6,000 vehicles. 

Since the curves shown in figure 14 represent loca- 
tions with the maximum and minimum fluctuation in 
traffic flow found by analyzing records at 90 stations 
located on U.S. routes in all parts of the country, it is 
reasonable to expect that similar curves for practically 
all sections on U.S. numbered highways will fall some- 
where between the curves representing these two loca- 
tions for corresponding annual traffic volumes. How- 
ever, the range between the two curves for identical 
traffic volumes is so great that they emphasize the im- 
portance of having at least a full year’s record from an 
automatic traffic recorder before an intelligent analysis 
can be made of the traffic needs on any particular sec- 
tion of highway where improvements to increase the 
traffic capacity of the highway are contemplated. 

Cumulative frequency curves of the type shown in 
figure 15 are useful when it is desired to compare the 
percentage of time that traffic on different road sections 
is in excess of various hourly volumes. The data ob- 
tained from the automatic traffic counters at the stations 
included in this analysis where the maximum and mini- 
mum fluctuation in traffic flow were recorded, have 
been used in plotting the curves for stations A and B, 
respectively. When expanding the data shown by the 
original curves to other traffic volumes, the values along 
the abscissa are increased by the same ratio as the 
annual traffic, while the values along the ordinate are 

held constant. The values for stations A and B have 
been expanded to show the percentage of time that the 
traffic will be in excess of various hourly volumes when 
the annual average volume increases to 6,000 vehicles 
per day (fig. 15). In a similar manner the data for 
89 locations were expanded to annual 24-hour traffic 
volumes of 6,000 vehicles and the values averaged to 
obtain the average cumulative frequency curve shown 
in figure 15. This curve and other curves formed by 
expanding the individual values to other traffie densities 
show the relation between time and hourly traffic 
density for highways with the average fluctuation in 
traffic flow. 

The method outlined above for estimating the per- 
centage of time, number of vehicles, or number of hours 
included in the various hourly traffic density groups 
when there is a change in the annual traffic, assumes 
that the change will affect all portions of the cumulative 
frequency curves proportionately. This will always 
be true when all portions of the traffic pattern are 
affected proportionately but may also be true even 
though there is a material change in the traffic pattern. 

Since automatic, hourly recording counters have only 
been in operation during recent years, there were only 
three stations where the recorders had been operated 
continuously for at least 2 years and where there had 
been sufficient increases in the annual traffic densities 
during the period of operation to check the accuracy 
of this assumption. At these three locations, referred 
to as stations C, D, and E, the total traffic volumes dur- 
ing the same period in successive years had increased 
from averages of 787, 997, and 2,794 vehicles per day 
to 1,357, 1,630, and 5,702 vehicles per day, respectively. 
The cumulative curves for the percentage of time that 
traffic at the 3 stations was in excess of various hourly 
volumes during each of the 2 different traffic density 
periods are shown by figure 16. In each case, it the 
values shown for the lower volume curve are expanded 
in the same ratio as the two average 24-hour volumes 
are to each other, as previously outlined, the curves for 
the higher average volumes will be exactly duplicated. 

While such a close agreement will probably not be 
found for all locations, especially where local develop- 
ments tend to influence the traffic pattern and where 
the increase takes place over a period of 10 or 20 years, 
the data available at the present time substantiate the 
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one assumption necessary to expand the automatic 
recorder data to care for increased annual traffic 
densities. 

PERCENTAGE OF TRAFFIC MOVING IN EACH DIRECTION 
DURING PEAK HOURS IMPORTANT 

For design and traffic control purposes it is often 
desirable to know the percentage of the total vehicles 
traveling in each direction during hours of high traffic 
density. This can be obtained for divided highways 
by using an automatic traffic recorder for each of the 
two directions. On undivided roadways, the auto- 
matic recorders using either light beams or the direct 
contact or pneumatic tube as the means of detection 
can be equipped with special units so that only vehicles 
traveling in one direction will be recorded. Approxi- 
mate values can also be obtained when the contact type 
of detector is used by placing the detector so that only 
vehicles traveling on one-half of the roadway will be 
recorded. By proper selection of locations, the error 
due to vehicles traveling to the left of the center of the 
roadway, as when passing, can be reduced to a mini- 
mum. 

Cumulative frequency curves for two locations on 
divided highways, where automatic traffic counters 
obtained the number of vehicles in each direction for 
each hour during periods exceeding 1 year, are shown 
by figures 17 and 18. 

The percentage of time that the traffic at automatic 
recorder stations 2 and 3 on U. S. Route 41, 18 miles 
south of Milwaukee, Wisconsin, was in excess of various 
hourly volumes is shown by ficure 17. At station 2 
south-bound traffic was recorded, while at station 3 
north-bound traffic was recorded. By adding the 
number of vehicles in the two directions for correspond- 
ing hours, the total traffic on the route during each 
hour of the year was obtained. Although the number 
of vehic ‘les traveling in each of the two ‘directions was 
rare'y the same for any particular hour, the number of 
hours that each direction carried the various traffic 
volumes below 300 vehicles per hour was approximately 
ral al to the number of hours during a year that the total 
traffic volume in both directions was twice the corre- 
sponding densities. Both directions carried traffic 
volumes in excess of 300 vehicles per hour for 4 percent 
of the time, and the total volume was in excess of 600 
vehicles per hour for 4 percent of the time. The 
maximum volume of south-bound traffic was 632 
vehicles per hour and the maximum volume of north- 

VoLtuME Was 13,624 VEHICLEs.) 

bound traffic was 1,232 vehicles per hour, but the total 
volume never exceeded 1,649 vehicles per hour. During 
the 1 hour that the total volume reached 1,649 vehicles, 
74.7 percent of the traffic was in one direction. During 
the 10 peak hours of total traffic volume, the traffie in 
one direction averaged 70 percent of the total traffic. 

On the Merritt Parkway, at traffic recorder stations 
6 and 7 near Greenwich, Conn., the traffic in one direc- 
tion exceeded all traffic volumes below 1,100 vehicles 
per hour for the same number of hours that the total 
volume exceeded twice the corresponding densities (fig. 
18). East-bound, west-bound, and total traffic never 
exceeded 1,632, 2,025, and 3,501 vehicles per hour, re- 
spectively. During the 10 peak hours, the traffic in one 
direction averaged 57 percent of the total traffic. 

The results obtained at these two locations indi- 
cate that if a cumulative frequency curve of the type 
shown in figures 17 and 18 is available for either the 
traffic in one direction or for the total traffic, the curves 
for both the traffic in one direction and the total traffic 
can be obtained, except for a very small portion of the 
total time when the peak volumes occur. It is also 
evident that unless practically all the vehicles are to be 
accommodated, designs for each direction of traffic 
based on half of the total volume are sufficient, but if 
all vehicles are to be accommodated, the design for each 
direction must in some cases be based on volumes as 
high as 70 percent of the peak total volumes. 

COMPLETE TRAFFIC RECORDS USEFUL IN SELECTING SCHEDULES 

FOR TRAFFIC SURVEYS 

The second of the general problems for which auto- 
matic traffic recorder data furnish a means of attack is 
that of planning observation schedules for traffie sur- 
veys. A satisfactory schedule must require sufficient 
observation in the field to enable an accurate estimate 
of the year’s total traffic and of the various types of 
vehicle units of which it is composed. Results of the 
schedule operation should enable the analyst to make 
estimates of the ranges in traffic volume—in particular 
an estimate of traffic during periods of maximum 
volume. 

The schedule should be so devised as to balance cost 
of operation against accuracy of results; 1. e., the time 
for which it is necessary to pay men to count traffic 
should be as small as possible so that costs will be low, 
while the time for which traffic must be observed must 
be as large as is necessary to assure accurate results. 
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Tt has been recognized in earlier analyses * that traffic 
volume is affected principally by the hour, day of the 
week, and the month in which the count is taken. Less 
predictable effects upon traffic volume result from varia- 
tion in weather conditions, detoured traffic from a nor- 
mal route due to road construction or other reasons, 
holidays, football games, fairs, or other events attracting 
unusual numbers of people. 

There are, of course, a number of means by which 
allowance may be made in the schedule of operation to 
provide measures of the hourly, daily, and seasonal 
fluctuations in traffic. Because of the numerous pos- 
sibilities, it is feasible to test but a few of these possible 
schedules. Since total traffic has been measured by 
the automatic traffic recorders, the average daily 
traffic may be computed with precision; and since data 
are available for every hour and every day of the year 
at a large number of locations, any combination of 
hours, days, and seasons may be selected. From the 
selected periods or assumed schedule, an estimated 
average daily traffic may be computed. Comparison 
of the estimated values under various assumed sched- 
ules with exact values obtained from the year’s complete 
record will establish the relative accuracy of the various 
schedules selected for test. 

One of the schedules selected for test is the “key 
station schedule” first used * in the Western States 
Traffic Survey and in subsequent surveys in which the 
Public Roads Administration cooperated, and by the 
various States in the Highway Planning Surveys. 

Each operation covered a 10-hour period on a staggered 
schedule from 6 a. m. to 4p. m. and from 10 a. m. to 8 p. m. with 
splits in the count at 10a.m.and4p.m. This permitted a con- 
tinuation series of the 10 a. m. to 4 p. m. section through ali 
operations, which were scheduled to provide two counts for each 
of the 7 days of the week. Sufficient night counts from 10 p. m. 
to 6 a. m. were obtained to adjust all data to a 24-hour day.5 

When the 8-hour counting period became generally 
used, this schedule was modified to cover the 6 a. m. 
to 2 p.m. and 2 p. m. to 10 p. m. periods alternately at 
intervals of 26 days, thus covering each day of the week 
at 6-month intervals (schedule I). Sufficient night 
counts, usually four in number, were seasonally spaced 
to cover the 10 p.m. to 6 a.m. period. The effects of 
the schedule were: To balance the seasonal variation in 
traffic; to cover the full 24 hours at each point of obser- 
vation; to cover each of the days of the week at every 
point; and to set up the operation in such a manner as 
to keep a relatively small force of men continuously 
employed, with days of no work equivalent to those 
received by men in other forms of employment. 

The second schedule (schedule IT) to be tested is that 
recommended at the location of the recording type 
automatic traffic counters in the continuing traffic 
surveys conducted as an integral feature of the Highway 
Planning Surveys. Machines are operated for a 
24-hour period on Saturday and Sunday and either on 
Friday or Monday to give a continuous record of the 
three typical days of the statistical week. These sta- 
tions may be considered as control stations of the con- 
tinuing blanket counts. 

The third schedule (schedule III) to be tested with 
the data available from the automatic traffic recorders 
is one in which it is assumed that each period of observa- 

3 Highway Traflic Analysis Methods and Results, by L. E. Peabody. PUBLIC 
ROADS, vol. 10, No. 1, March 1929. 

4 The Western States Traffic Survey, by L. E. Peabody. PUBLIC ROADS, 
vol. 13, No. 1, March 1932. 

5 Digest of Report on Arkansas Traffic Survey, by L. E. Peabody. PUBLIC 
ROADS, vol. 17, No. 6, August 1936. 

tion is but 1 hour in duration. There are a total of 40 
such observation periods at each station, scattered 
throughout the year as indicated in the following 
sample schedule: 
a.m. p.m. 
122 Apr: | 7 12- cpr 14 
1- 2 May 25 a Sept. 22 
2- 3 July 12 ro Wea 26 (Sunday) 
3- 4 Aug. 29 Oct. 4 
4—- 5 Oct. 16 9 oor 14 
5- 6 ee 3 (Sunday) Oct. 16 

a an. 1 (Sunday oo roe 19 
6 yeh 12 a4 Oct. 28 (Saturday) 
7 sor 13 qa ay 

rae 24 “\Nov. 9 
o an. 25 _ ef May 13 (Saturday) 

8 Oye 5 (Saturday) 5 6Noe. 21 
Feb. 6 May 25 

9104 Aug, if ee oF "\ Des 3 (Sunday) 
feb. 18 (Saturday une 6 

10-114 40> 29 fe apne 15 
Sao) Maree _ gfJune 18 (Sunday) 

11 121 gent, 10 (Sunday) 8 dpa 27 
9-104 5un° 30 
; Jan. 7 (Saturday) 

10-11 Jan. 1 
11-12 Feb. 18 

It will be noted that under this schedule of operation 
the period from 6 a.m. to 7 a.m. is covered in January 
and in July, at nearly 6-month intervals. The 7 a. m. 
to 8 a. m. hour is also covered in January and July, 
again approximately at 6-month intervals, and so for 
all of the hours from 6 a.m. to 10 p.m. The remaining 
hours, those normally of much lesser traffic importance, 
are covered but once, at approximately 6-week intervals 
throughout the year. 

ACCURACY OF THREE OBSERVATION SCHEDULES DETERMINED 

The estimates of average daily traffic under each 
assumed schedule are computed as follows: At the key 
stations (schedule I), traffic observed during the 6 a. m. 
to 2 p.m., 2 p.m. to 10 p. m., and 10 p. m. to 6 a. m. 
periods is averaged and the three averages are totaled 
for the estimated average daily traffic. At the control 
blanket-count stations (schedule II), the observed week- 
day traffic is multiplied by 5, traffic counts for a Satur- 
day and a Sunday are added, and the total is divided 
by 7 for the counts taken during each season. The 4 
seasonal averages, thus computed, are totaled and di- 
vided by 4 to give the estimated average daily traffic 
for the year. At the stations where traffic is assumed 
to have been observed only during hourly periods (sched- 
ule III) the averages of the 2 observations for each hour 
from 6 a.m. to 10 p.m. are obtained. To these averages 
(16 in number) are added the observed traffic for each 
hour from 10 p.m. to6a.m. The resultis the estimated 
average daily traffic under this schedule. 

Tables 6, 7, and 8 present the average daily traffic 
computed from schedules IJ, II, and II], using the anal- 
ysis methods outlined above. In table 6 the stations 
were those located on State routes that carried a rela- 
tively large volume of traffic. In table 7, stations were 
also those located on State routes, but with a light traffic 
volume; while in table 8 all stations were on local routes, 
usually those carrying a smaller traffic volume than the 
stations used in table 7. Thirty-three stations were 
included in each of the above classes. 

In addition to the computed averages, the true 
average daily traffic and the ratios of the various 
computed averages to the true averages, are tabulated. 
Weighted averages of these ratios are shown in the 
last line of each table. 
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-Automatic traffic recorder averages for year 1939, 
State routes carrying heavy traffic 

TABLE 6.-- TaBLE 7.—Automatic traffic recorder averages for year 1939, State 
routes carrying light traffic 

Average daily traffic Pereen tage of adavtal | vit Average daily traffic Parsantane Shaan 

g average 
State | Sta- | <4, Sta- 

inva Schedule otiel State nen Schedule i<chaal 

~lavcragel..._ ee aa ~| average 

bea II pr | foryeat) II ul I II rir | fryeat) + II IIL 

Massachusetts... ___- 1 | 2,926 | 3,413 | 3,066 | 2,959 | 98.9] 115.3 | 103.6 | Arizona__.__.-_-__---- 5| 201| 206] 193 206 | 97.6 | 100.0 | 93.7 
Pennsylvania. ..____- 22 | 6,635 | 7,462 | 7,062 | 7,069 | 93.9 | 105.6] 99.9 | Arkansas....________. 7| 194} 209] 207 198 | 98.0 | 105.6} 104.5 
ae RH 2| 3,811 | 4,127 | 3,755 | 13,915 | 97.3 | 105.4 05-0)|. Georgiaaas= semen aee 11 280 | 295 | 299 292 | 95.9 | 101.0 | 102.4 
onnecticut..------.. i{ TI 7-908 58.074) |S adda aonin > | OSe5) e106 e104) Lal Lowa cee eu ee 607 | 435] 455 | 448 434 |100.2 | 104.8 | 103.2 

Florid 10 | 3,500 | 4,356 | 3,576 | 8,462 |101.1 | 125.8} 103.3 IDouisianae = ese- eos 13 151 149 153 1150 |100.7 | 99.3 | 102.0 
OE So ee 13 | 1,748 | 1,934 | 1,924 | 1,805 | 96.8 | 107.1 | 106.6 | arinnesota { 171 | 263 | 268] 271] 2275 | 95.6 | 97.5 | 98.5 

IM Biclablscwel | ey) ys . 676 | 3, 241 3. 926 | 3,430 | 38,460 | 93.7 | 113.5 DOT LIS he cre rs 0 see en ara 174 283 293 332 3298 | 95.0 | 98.3 111.4 
Louisiana. .._.._-_-_.- 14 | 2,999 | 2,977 | 2,974 | 3,046 | 98.5] 97.7] 97.6 | Missouri.___..____..__ 7| 595| 652] 611 608 | 97.9 | 107.2} 100.5 

Missouri ss sseeseeeeees 9 | 5,131 | 5,372 | 5,278 | 5,266 | 97.4 | 102.0 | 100.2 | Montana__-___--__-__- A-7| 462| 474] 421 474 | 97.5 | 100.0] 88.8 
Moxase me ee. ones 1 | 8,774 | 9,130 | 9,323 | 9,102 | 96.4 | 100.3 | 102.4 | Nebraska_______.____- A-3 | 208| 2071 220 213 | 97.7| 97.2] 103.3 
Coloradosssaee ems 11 | 5,480 | 5,507 | 6,010 | 35,578 | 98.2] 98.7] 107.7 | Nevada__.__- Brey ee Teva EE Spree ope 928 |115.4 | 99.1] 98.2 
Washington ________- 10 | 3,270 | 3,521 | 3,418) 3,427 | 95.4 | 102.7] 99.7 | New Hampshire_____- 3| 5388| 565 | 437 513 |104.9 | 110.1] 85.2 
Oregon ee eee 2|1,012| 990] 989 985 |102.7 | 100.5 | 100.4 | Oklahoma__......-_.-- Si / 51-000 |) 1087 |) 1, LION doit 1) Ose 2N mm O7es smmogEO 
Californis 1 | 6,091 | 6,185 | 6,452 | 6,316 | 96.4 97.9] 102.2 | Pennsylvania________ Wal S02) 364 |) 1844) 485891 S404 Oley mnOoe 

SUSROF OR Seep eee { 10 | 4,105 | 4,464 | 4383 | 4,159 | 98.7 | 107.3 | 105.4 | Rhode Island _______- 3.) 825) 387-4) “307 326 | 99.7 | 103.4 | 94.2 
AGanae f 5 | 5,300 | 5, 390 5, 755 5, $e ae 100.2 107.0 South Carolina_.......| 104] 676] 687| 694 665 |101.7 | 103.3 | 104.4 

Se eas ar reas . 71] 1,488 | 1,592 | 1,5 1,61 2.3 | 98.8 . 
Tatas { Gall CGR GPR] eye 848 |101.8 | 96.8 | 103.4 

Ari f 1] 7,115 | 7,528 | 7,592 | 7,210 | 98.7 | 104.4 | 105.3 Ree? oie te aaa 9| 538| 532] 504 526 |102.3 | 101.1] 95.8 
ee 35] 1873) 1967 2; OOS 1 88001 00)201 1045 umm 06/0) | |eUita nee ena neee pee. 305 | 724| 783 | 765 766 | 94.5 | 102.2] 99.9 
ae f 13 | 2,191 | 2,118 | 2,186 | §2,169 |101.0 | 97.6 100.8 | Washington..._..--..- 9] 230} 226] 241 222 |103.6 | 101.8 | 108.6 
ADAG RIS Sasa acer 14 | 2.480 | 2,540 | 2,382 | #2542 | 97.6] 99.9] 93.7 | West Virginia._...____ 8| 540} 656] 502| 5551 | 98.0] 100.9] 91.1 

f 6 | 2,892 | 2,652 | 2,442 | 2,637 |109.7 | 100.6 | 92.6 | Alabama... Bah Geel) VGval | Pearl 667 | 92.1 | 100.6 | 105.0 
California | 9] 2.526 | 2 464 | 2,465 | 62.521 1100.2 | 97.7| 97.8 | California____...______ 4 772," 1808 736 829 | 93.1 | 97.5] 88.8 

| 9 | 4,015 | 4,073 | 3,805 | 74,141 | 97.0] 98.4 91.9 | Connecticut.._...___- 4| 716| 752} 630| 6757 | 94.6] 99.3] 83.2 
arecrinut f 12) 4,883 | 5,218 | 4,809 |4 5,085 | 96.0 | 102.6 | 94.6 | Florida_._.-.___._.___- 11] 398] 375] 350 381 {103.1} 98.4] 91.9 

aa -l\ 15 | 91015 | 9,363 | 9,696 | 19,367 | 96.2] 99.9] 103.5 
IRansasoe tees, seen ee 7| 898] 883] 952 909 | 98.8 | 97.1] 104.7 

anak fe ah) SRO) Le RTGG} | Ghats | PROSE |) Cras || yee’ | iting 4| 301} 310] 289] 7295 |102.0]| 105.0] 98.0 
A SS eee en RMR Levi al ZU cer) rer aile chctrs [OOmCuh ibleik | VAG Ip Wiens on eso Poo 4| 400] 414] 367 407 | 98.3 | 101.7] 90.2 

Sanne lf 2| 2,677 | 2,742 | 2,820] 2.724 | 98.3 | 100.7 | 103.5 | Maryland__---_.------ | 3| 386| 421] 401 376 {102.7 | 112.0 | 106.6 
Aree \ 3] 2,436 | 2,438 | 2,430) 2,468] 98.7] 98.8| 98.5 | Michigan..._.______ 672 a O72 ICON S72 969 |100.3 | 103.9 | 90.0 

Tilin.01 6 seen oe 9 | 4,314 | 4,586 | 4,273 | 4.465 | 96.6 | 102.7 | 95.7 | Pennsylvania________- 5| 498] 531] 577 543 | 91.7 | 97.8] 106.3 
WaG@lGity o | 59A| 3,179 | 3,664 | 3,295 | 3,407 | 93.3 | 107.5 | 96.7 | South Dakota_________ 106 | 452 | 468] 469 479 | 94.4 | 97.7| 97.9 
Iowa_.......----------| 601 | 3,219 | 3,774 | 3,437 | 83,444 | 93.5 | 109.6 | 99.8 | Wisconsin____.....___- 16| 892] 934] 993 998 | 89.4 | 93.6] 99.5 

Weighted aver- | | | | Weighted aver- | 
G6 rae eke eR Oe ee ee i 97.5 | 103.4 | 100.8 25 eee ee eed ale ea eee ee See eee | eee ee 97.5 | 100.5 | 97.8 

Weighted per- | | Weighted per- | 
centage of error_|_______ wy 2 oee Janeen eee | SrOL ae aaes 3.59 CentagevOl error ses see| eee aa | eee | eee ee 4.05 | 3.12 5. 65 

| | 

5 Jan. 29, 19389-Jan. 28, 1940. 
6 Year 1938. 
7 Feb. 5, 1937-Feb. 4, 1938. 
8 Apr. 16, 1988-Apr. 15, 1939. 

1 Feb, 18, 1939-Feb. 17, 1940. 
2 Feb. 25, 1939-Feb. 24, 1940. 
3 Dec. 17, 1938-Dec. 16, 1939. 
4 Mar. 10, 1939-Mar. 9, 1940. 

A comparison on the basis of these weighted averages 
indicates that schedule I generally produces the most 
accurate results on State routes carrying heavy traffic, 
and that schedule IT gives the most accurate values on 
State routes that carry light traffic. Considering all 
stations, the weighted average deviation of the ratios 
of computed traffic to true traffic is approximately 
equal for schedule I and IT, and schedule IIT is generally 
less accurate than either of the others. However, it 
may be remarked that the average differences are small 
under all three schedules. 

A better comparison of the results may be made by 
arranging the number of stations under each schedule 
according to the percentage deviation of the computed 
traffic from the true traffic volumes, as indicated in 
table 9. 

Traffic at 73 of the 99 stations may be estimated 
under schedule I within 5 percent of the true values, as 
compared with 74 stations and 54 stations for schedules 
IT and III, respectively. While 14 stations give results 
within 1 percent of true values under schedule Le 
as compared with 14 under schedule I, and 18 under 
schedule II, results at 45 stations are more than 5 
percent inaccurate under schedule ie as Soni ey 
with but 26 stations under schedule I and 25 under 
schedule IT. 

From these tests, at a limited number of stations well 
distributed both geographically and with respect to 
traflic volumes, it would appear that schedule III pro- 
duces results with a considerably wider range of devia- 

1 Oct. 29, 1938-Oct. 28, 1939. 
2 Aug. 6, 1938-Aug. 5, 1939. 
8 Aug. 20, 1938-Aug. 19, 1939. 
4 Oct. 1, 1938-Sept. 30, 1939. 

5 Mar. 18, 1939-Mar. 17, 1940. 
6 Feb. 18, 1939-Feb. 17, 1940. 
7 Year 1938. 

tion from true values than schedules I or II; that is, 
the results from the use of schedule III are much more 
erratic than those from either of the other schedules. 

Accuracy is one of the most important considerations 
involved in selecting a schedule of operation. Cost of 
operation, completeness of resulting data, and practical 
time and distance factors involved in putting the 
schedule into field operation are frequently of equal 
importance. 

In the State-wide Highway Planning Surveys, vol- 
ume is but one of the many traffic items investigated. 
At loadometer and pit-scale stations, weight of vehicle, 
weight of loads, length, height, and width of vehicles, 
origin and destination of vehicle trips are a few of the 
many additional items with respect to which informa- 
tion is needed. Classification of vehicles by types is 
also necessary. 

At loadometer and pit-scale stations, flags, flares, 
and protection signs must be placed, since vehicles must 
be stopped for weighing and questionnaires must be 
filled out. This preparation of a station for safe opera- 
tion takes a considerable amount of time. This time 
requirement, together with the time needed to transport 
from one station to another personnel trained to obtain 
this type of information, makes practically impossible 
the use of a schedule based upon short periods of 
observ Hed 

Use of a short period of observation reduces the 
amount of Nariiee time (i. e., percentage of total time 
that stations are actually in operation) and greatly in- 
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TABLE 8.—Automatic traffic recorder averages for year 1939, local 
routes 

Average daily traffic 
is 4 | Percentage of actual 

: Sta- ifs | Average 
State an Schedule Merde 

—-~! average| ary = 

I Tee pein Or ree ee ar ai 

EXTIGHTSHS cee eee eae 10 250 266 268 bea 259 | 96.5 | 102.7 103.5 
COON 1A wes eee aed 2 113 131 107 113 |100.0 | 115.9 04.7 
lowa ; 609 96 93 107 96 |100.0 96.9 hf 50s) 

Pebnanesenen a= =0-- { 611 58 66 | 78 64 | 90.6 | 103.1 | 121.9 
IKONUUCKYo5-—- a2een a2 4 308 287 289 300 |102. 7 95.7 96.3 
Marvyiandesse = 2S 8 341 344 363 349 | 97.7] 98.6 | 104.0 

: 169 130 134 122 2136 | 95.6 98.5 89.7 
Minnesota. - ----.----- { L7G LCN 116 Pe 122 es 1208 068 7 | 96; 7) 1 Oley 

IM ONPATIA== poe. = = 3 A-2 134 145 140 139 | 96.4 | 104.3 100. 7 

North Carolina_ : 5 141 140 149 3142 | 99.3 98.6 104.9 
Ohio sas so 5 155 176 160 | 172 | 90.1 | 102.3 93.0 

South Dakota 105A 242 241 250 232 1104.3 | 103.9 107.8 
if Wa 62 a ee ee 22 89 92 105 494 | 94.7 97.9 cI Wy Beg 
WHSCOUSIM a ee eo. 19 186 185 196 195 | 95.4 94.9 100.5 
Alabama sss2e2 2-2. 1 374 454 402 5 380 | 98.4 | 119.5 105.8 

3 209 225 175 6 213 | 98.1 | 105.6 82.2 
Massachusetts - - ----- { 9| 356| 399| 315 | 356 |100.0| 112.9] 98.5 

IVIGHIS aN eee ns = 683 335 B20 311 330 |101. 5 98.5 94.2 
177 547 533 526 567 | 97.5 94.0 92.8 

Minnesotaso2-2-2.-.-2 183 192 188 207 7484 |104.4 | 102.1 TRIS 
184 229 202 203 8199 |115.1 | 101.5 102. 0 

. é 3\ 391 405 406 379 |103.2 | 106.9 107.1 

Missouri -------------- { 4| 440| 491 | 431 470 | 93.6 | 104.4] 91.7 
; 6 pile 231 182 9 213 {100.0 | 108.5 85. 4 

North Carolina. --.... { g| 154| 164] 140| 165 | 93.3] 99.4| 984.8 

Ohio { 3 241 257 242 261 | 92.3 98.5 92.7 
ie et 10 468 458 452 457 |102.4 | 100.2 98.9 

OR anOmMay eee see 10 562 558 549 558 {100.7 | 100.0 98. 4 
Rhode Island_____--_- 1 381 398 375 389 | 97.9 | 102.3 96. 4 
OSS Seemeete wes oe fe 20 356 369 380 374 | 95.2 98.7 101.6 
Utah 304 561 591 627 593 | 94.6 99.7 105. 7 

el ra ie ed gras eal 307 | 1,500 | 1,660 | 1, 585 1,593 | 94.2 | 104.2 99, 5 
WISCONSIN see eee. - 20 258 303 291 274 | 94.2 | 110.6 106. 2 

Weighted aver- 
SoC pee |e Par Ue es Sok Ae elle eae eee Viet || 02RD 98. 9 

Weighted  per- 
Centare Oferiors eee sul eee aa lee eee ee ee Se See 4.01 4,29 5730 

7 Jan. 29, 1938-Jan. 28, 1939. 
® Mar. 26, 1938-Mar. 19, 1939. 
9 Sept. 11, 19388-Sept. 10, 1939. 
10 Feb. 13, 1938-Feb. 12, 1939. 
1! Year 1938. 

1 Estimated. 
2 Aug. 6, 1938-Aug. 5, 1939. 
3 Aug. 20, 1938-Aug. 19, 1939. 
4 Nov. 19, 1938-Nov. 18, 1939. 
5 Apr, 30, 1939-Apr. 29, 1940. 
6 Jan. 15, 1939-Jan. 14, 1940. 

Taste 9.—Number of stations at which computed traffic differs 
from actual traffic, under 3 assumed schedules; deviations by 
percentage groups 

Number of stations 

Deviation of computed daily traffic from true |—— = 

daily traffic, percent Schedule Schedule Schedule 
I 186 Ill 

OOS)... px ected) oo he = ee BAR ee ee ae 14 1S 14 
Te ee ee eee 59 56 40 
ease, int oe NESE se ee ee ee eR eS 23 21 41 
Ohusriisn. os. a= Se 3s OR Ne ee 3 4 4 

BING is) RoE ere eee fe le hoe ao A 99 | 99 99 

creases travel costs. Both these factors operate to 
increase very greatly the unit cost of an item of informa- 
tion, and thus the cost of the whole survey. 

One advantage of either schedule I or II, as compared 
with schedule III, is that both provide much greater 
information with respect to normal maximum. traffic 
volume. The maximum values recorded under either 
of the first two schedules are during periods of from 
8 to 24 hours. Maximum values are ordinarily too 
irregular in their occurrence to permit an accurate 
measurement of them by means of a single hour of 
observation. 

Still another consideration in the decision with respect 
to the most valuable schedule for field operation is the 
probable accuracy of the estimate of the proportions of 
the various types of vehicles—foreign vehicles, heavy 

trucks, busses, etc.—in the results obtained with various 
schedules. This question is difficult to investigate, 
partly because of the scarcity of data. To be sure, the 
automatic traffic recorder has now given a considerable 
sample in which is known the total number of vehicles 
during every hour of the year. However, it is clear that 
the number of foreign vehicles, for example, in propor- 
tion to total vehicles changes greatly throughout the 
year. 

In summer foreign vehicles form 50 percent of the 
total traffic in some States. In the same areas in 
winter foreign vehicles are not over 15 percent of the 
total. In one State foreign vehicles are 14 percent of 
the total in December and 24 percent in August. The 
distinction between vehicle types cannot be made by 
the automatic trafic recorder, and detailed data 
classifying traffic throughout every day of a full year are 
available for but a small number of locations. 

A limited amount of investigation of this problem at 
one station, considered to be typical of traffic found on 
most rural highways, is summarized in table 10. 

TaBLE 10.—Classification of traffic by type of vehicle under various 
schedules 

Passenger cars | Trucks 

Item a en Busses | Total 

Local | Foreign | nations 

MCT Ua UClassi tl Cat Ole ee 78.2 iil 14.5 0.2 100.0 
Average of 8 runs (6 a. m.-10 p.m.) !__ 69. 2 12:2 18.3 ac} 100. 0 
Average of 8 runs (24 hour) 1_____ ee 69. 2 11.9 18.7 72 100. 0 
24-hour weekday, Saturday, and Sun- 

C3 yee es see oe ain ee 69.8 a2 17.8 2 100. 0 
24-hour weekday, Saturday, and Sun- | 

GUS NARS eee Oe ey See eae JAR eye. 84.6 BBE? 11.9 .3 100. 0 
24-hour weekday, Saturday, and Sun- | 
day sees SF EE Ta Sa 76.6 | 8.0 15,2 ye 100.0 

16-hour (6 a. m.-10 p. m.) weekday, 
Sanday, aud suuday 42--2ee. =. 76. 2 8.4 15. 2 .2 100. 0 

8-hour (8a. m.—4 p.m.) weekday, Satur- 
Gay and Sunday: See ee ee 4 7302 9.7 Garr .4 100.0 

Key station schedule (average of 5 runs) 78.0 6.8 15.0 ae 100.0 
Average of 2rums $2 = _-___ ES a ee 77.7 8.3 13.7 a) 100. 0 

1 In months of probable maximum and probable minimum traffic. 
2 February and August. 
3 May and November. 
4 February, May, August, and November. 
54-hour weekday, Saturday, and Sunday counts each season; staggered 8 a. m,- 

12m, and 4p. m,-8 p.m, 

Other combinations, similar to those given in table 
10, were examined and data for other stations were 
analyzed in the same manner. The tentative conclu- 
sion resulting from this analysis was that the standard 
key station schedule appears to give good results, but 
it is relatively a costly operation. 

METHOD OF ESTIMATING TRAFFIC WITHIN CITIES OUTLINED 

The above discussion includes an examination of the 
principal types of schedules that are, or have been, 
used in extensive traffic surveys on rural roads. Other 
schedules have been used in this work, but nearly all 
of them represent but minor modifications in the above 
general types. 

Within cities, use has been made of a method of 
extremely short counts which was given practical appli- 
cation in a survey conducted in the city of Amarillo, 
Tex., by members of the Engineering and Police De- 
partments in cooperation with the Texas Highway 
Department. ° 

Theoretically, under proper traffic conditions, a count 
of 1 minute during each half hour or hour might be 
sufficient for the estimate of total traffic, but the chief 

6 Traffie Aids to Texas Municipalities, by R. O. Swain. The American City, 
July 1940. 
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obstacle to this proposal was the loss of time involved 
by traveling between intersections. Finally, a 5- 
minute observation period was selected. 

Time loss between stations was eliminated by sta- 
tioning observers on the tops of the taller buildings in 
Amarillo. From certain of these buildings as many as 
32 intersections could be observed. This procedure 
permitted a recorder to observe as many as six inter- 
sections within a half-hour period, counting traffic at 
each intersection for a 5-minute period. 

The method used was described as follows: 

In estimating the hourly flow of traffic, the two 5-minute 
counts taken within a 1-hour period were added together and 
multiplied by 6. This method of short counts in towns and 
cities was determined to be as accurate as making full 8-hour 
counts and converting them into 24-hour figures. In checking 
the accuracy against the full count, the error averaged approxi- 
mately 3 percent. * * * Intersections carrying more than 
4,000 vehicles in a 12-hour period were within 3 percent of ac- 
curacy.® 

Study of reports and tests now available indicates 
that: (1) The key station schedule, or a schedule of 
the same general type, produces a larger proportion of 
results within practical limits of accuracy than do the 
other schedules; (2) the 40-hour schedule (No. III) 
previously described produces results with a consider- 
ably wider range of deviation from true values at more 
stations than either the blanket count control or the 
key station schedule; (3) the blanket count schedule 
produces results comparable with those from the key 
station schedule; (4) collection of information such as 
that obtained at loadometer and pit-scale stations is a 
difficult matter from the standpoint of travel time and 
practical scheduling of field parties, and is uneconomical 
when based upon a short count schedule; (5) the short 
count schedule produces insufficient information with 
respect to maximum traffic periods; (6) the key station 
schedule produces accurate results in the classification 
of traffic by vehicle types; (7) the short count schedule 
by 5-minute periods produces results within the limits 
of practical accuracy and is useful in city traffic surveys, 
if the time loss and cost of travel can be reduced by 
stutioning observers on tall buildings from which several 
intersections can be observed. 

COMPOSITION OF TRAFFIC ANALYZED 

Further analysis with respect to certain of these con- 
clusions will be greatly facilitated by the accumulation 
of automatic traffic recorder data. Certain data are 
now available from vehicle classification counts taken 
throughout 1939 at 352 automatic traffic recorder 
stations located in 39 States. These data are of assist- 
ance in forming conclusions with respect to schedule 
selection. 

The total traffic was separated by type of vehicle by 
means of classification counts taken at intervals 
throughout the year at the recorder sites. The number 
of vehicle classification counts in some States is small 
and, in some instances, it was necessary to supplement 
them by classification data obtained in years other than 
1939. However, the proportions of the various types 
of vehicles change slowly from year to year, and the 
inaccuracy in the number of vehicles by type is slight. 
Two hundred and ninety-four of these stations were 

located on the State highway systems, and 58 were 
located on local roads. An examination of the data 

6 Traffic Aids to Texas Municipalities, by R. O. Swain. The American City, 
July 1940. 

discloses significant differences between the characteris- 
tics of traffic on these two classes of highway. A com- 
parison of the results of the automatic traffic recorder 
operation with gasoline consumption indicates that the 
recorders furnish a measure of traffic representative of 
the country as a whole and, in States which are oper- 
ating a large number of recorders, representative of 
traffic changes. 

In two States the classification of vehicles was not as 
detailed as that reported by the other States, so that 
the discussion which follows applies only to the results 
of operation at 334 stations (276 on State routes, 58 on 
local roads) in 37 States. 

The proportion of foreign traffic using State highways 
varies widely among the States, and is affected by two 
major influences: (1) The geographical location and size 
of the State; (2) the amount of recreational traffic that 
is attracted to the State as compared with the amount 
of local traffic. It is probable that in few States are 
the automatic traffic recorders sufficient in number so 
that, if manual operations were made at each location, 
representative averages of the amount of foreign travel 
would be obtained. In Florida, which attracts large 
numbers of tourists, foreign cars measured at 10 traffic 
recorders were nearly 40 percent of the total traffic. 
Nevada attracts a small amount of tourist travel, but, 
because of its geographic location adjacent to the 
Pacific Coast States, foreign travel at 11 recorders in 
Nevada was found to be nearly 40 percent of the total. 
Near the other extreme is Texas, in which foreign travel 
was slightly more than 10 percent, measured at 18 traffic 
recorders. Texas attracts a small amount of tourist 
traffic relative to its total traffic and is not crossed 
much by foreign vehicles en route to other States. 

For all States, the percentage of foreign vehicles 
measured at automatic traffic recorders was 21.08 on 
State highways, and 1.72 on local routes, a ratio of 
more than 12 to 1. 

Bus traffic was found to be less than 1 percent (0.88 
percent) of traffic on State highways and negligible in 
amount upon local routes although, because of the low 
volume of travel on local routes, it amounted to 1.72 
percent of the total. Busses are predominantly local 
vehicles; 14 out of 15 busses traveling State highways 
carry tags of the State in which they operate, and bus 
travel on local routes is almost entirely by local vehicles. 
Heavy trucks (those with rated capacities of 5 tons, 

or more) use the highways but slightly more than do 
busses. They were found to be 1.01 percent of all 
vehicles measured at automatic traffic recorder stations, 
and nearly all were found on State highways. Eleven 
percent of heavy trucks counted were foreign vehicles 
as against 7 percent of the busses. 

While the foregoing statement about the number of 
heavy trucks is true with regard to totals, an inspection 
of the detailed data discloses concentrations of heavy 
trucks much greater than those of busses. At several 
of the recorders located in California, Connecticut, 
Massachusetts, and Pennsylvania, heavy trucks aver- 
aged upwards of 100 per day during 1939 and reached 
667 per day at stations 8 and 19 in Connecticut. At 
the single station for which data were available in 
Illinois, heavy trucks averaged 270 per day, while bus 
traffic at this station was but 13 per day. 
A study of data for individual stations indicates a 

slight tendency toward increase in the proportion of 
heavy trucks with increase in volume of total traffic; 
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i. e., the percentage of heavy trucks tends to increase 
with an increase in the total number of vehicles using 
aroute. In contrast, the percentage of foreign vehicles 
decreases generally with an increase in the total number 
of vehicles, although this tendency is not sharply 
marked. 

From traffic counter records it is now possible to 
measure the seasonal variation in traffic volume during 
1939 upon State and local routes, as indicated in table 11. 
Seasonal variation is similar on the two classes of routes, 
although the travel peak is earlier and higher on the 
State routes. The seasonal peak on State highways is 
in August, travel in that month exceeding that of the 
average month by nearly 24 percent. Travel on local 
routes is greatest in September and is about 17 percent 
ereater than in the average month. 

TABLE 11.—Seasonal variation in total motor-vehicle traffic on 
State highways and local roads 

f : Percentage of average Average daily traffic inna 

Month —— a ee 

State Local State Local 
highways routes highways routes 

AKU ULE coe Se ee a ae a ae 1, 608 276 75. 68 80. 00 
(DOTA: al 5 Ses ee eee 1, 607 245 75. 63 71.01 
VEG Chinese oe ak Se Pe Ee | 1, 838 278 86. 50 80. 58 

YANO) Gil 5 Se Ae ee ee er 2,018 311 94. 98 90. 14 
IRD bye ee 2,165 335 101. 89 97. 10 
JgliGy 223: es er 2, 306 358 108. 53 103. 77 

ARUN Dee) ey fee 2, 594 394 122. 09 114. 20 
August. -- ae 2, 633 396 123. 93 114. 79 
September-_-_ é 2, 384 403 112. 20 116. 82 

OX NSR A hee. a al 2, 233 390 105. 09 113. 04 
Novel ereeeermeent ae eee 2, 104 384 99. 02 111. 30 
IBYNCSy onl ale = a en See ay oe a 2, 007 370 94, 46 107. 25 

SEASONAL VARIATIONS IN TRAFFIC FLOW COMPARED 

The automatic traffic recorder data have been of 
invaluable assistance in the solution of another prob- 
lem—that of estimating annual traffic volume when the 
period that traffic was observed covered but a few 
hours. There are hundreds of thousands of miles of 
public highways upon which traffic volume is below 
25 vehicles per day, and only a limited expenditure for 
traffic information is justified upon such routes. At 
many intermediate points between key stations upon 
routes of considerable traffic importance, traffic need 
be observed only during short periods of time to 
produce acceptable data with regard to variation of 
traffic. At such points a factor derived from known 
traffic patterns (frequently from the continuous data 
collected at automatic recorders) can be applied in 
estimating annual traffic. 

These factors must be based upon traffic patterns 
that are typical and reasonably invariant over a 
period of time; that is, they must be typical, or repre- 
sentative, in order that they will apply to many stations. 
They must be reasonably invariant because, if sharp 
changes occur in seasonal patterns (or other patterns 
needed), the factors derived for use in one year will not 
produce accurate estimates of annual traffic when 
applied to traffic data for short periods of time in later 
years. The term “reasonably invariant”? is used 
because experience indicates that absolute invariance 
in patterns is not to be expected. 

One measure of the invariance in seasonal traffic varia- 

tion is presented in table 12, which shows seasonal varia- 
tion of urban and rural traffic for each year from 1926 
to 1931, inclusive, in Virginia. These figures are taken 
from graphs which accompany annual traffic flow maps 
prepared by the Virginia Highway Commission. 
Traffic data are available for the whole State highway 
system and are shown in the maps. The table indicates 
the remarkable lack of substantial change in the 
séasonal indices for both urban and rural traffic during 
these 6 years. 

Other comparisons are shown in figures 19 to 23, 
inclusive, for Arkansas, Connecticut, Florida, Ohio, and 
Pennsylvania, respectively. In each of these States 
comparison has been made between the seasonal char- 
acteristics derived from former traffic surveys, with the 
seasonal characteristics of traffic at the automatic 
traffic recorder stations in each State operated during 
the year 1939. In each case the data are related to the 
average monthly traffic volume as 100 percent. 

The number of traffic recorders operated in 1939 is 
much smaller than the number of stations from which 
the original seasonal indices were obtained. In the 
comparisons, data from States with the largest number 
of traffic recorders and an early traffic survey were used. 
Two of the States, Connecticut and Pennsylvania, each 
operated 22 traffic recorders during 1939; and in no 
State was the number of recorders less than 10. 

TaBLE 12.—Seasonal variations in traffic on Virginia State 
highways } 

[Monthly variation in percentage of average monthly traffic] 

1926 1927 1928 1929 1330 1931 

Month =| = qa = qa es A = q a q | = 
SUA aie pet eat-in Sin eats tee 
a f= HH ie u [=| 4 =) a =) = =| 
Dp jon} Pp ioe) Pp ae} Pp ian} P oa P | 

pee | ee ee eee, ——|—-—|—— 

JanUaryeee see 73 | 73) % (aul ato ll coll Com agoule HCaiimtoreh soln ge 
February_--_-_---_- 71 73 70 73 iGl 73 71 72 i 72 ak 73 
Wareheesnoss > 73} 98 |) 73} 98 | 74] 98] 7 O8ail Zoupeees. ee (4lcos 

(ATrileeeee tee 95 | 102} 95] 102} 95; 101 | 95} 102} 95 | 102| 95 | 102 
Via ee eee”: 104 | 101 | 104 | 101 | 103 | 100 | 103 | 101 | 104 | 102 | 104 | 101 
Jno v2 as 106 | 98} 106} 98] 106} 98] 105 | 98] 105 | 98] 105) 98 

ti yee ee eee 112 | 99/112] 99] 112] 99} 112}; 99] 112} 99 | 112 | 99 
ANISUStaos eo ee 123 | 185 | 124 | 185 | 123 | 184 | 124 | 134 | 124 | 134 | 123 | 134 
September__--_-- LSP TS Sas | tae AS Lb) 11S, Wb Tse) 1149) 1718 

Octoberaan === D2 ODM D2 LOQn ett 2 1 TO2N I 112) 102!) ets e10Ds), 113" 162 
November-_-_--_-- EUG OO LE LOO a ALL OZ e TL O02 Le 1O2 IT 102: 
December. --_--- 105 | 101 | 105 | 101 | 106 | 102 | 106 | 101 | 106 | 101 | 106 | 101 

1 Sections of highways within a 10-mile radius of cities are designated as urban, others 
as rural, by Virginia Highway Commission. 

The Arkansas comparison, figure 19, shows a very 
slight change in seasonal variation from 1934-35 to 
1939. In Connecticut, figure 20, the changes in seasonal 
variation are small. In Florida, the indices are also 
fairly close. 

In Ohio the comparison of seasonal variation is 
between the years 1925 and 1939. Here the agreement 
is not so close as in the previous examples. And 
finally, in Pennsylvania, the comparison is for 1923-24 
with 1939 and there is still greater disagreement between 
ths indices than in Ohio. The data shown by these 
figures indicate that traffic volume has tended to be 
more evenly distributed throughout the year in the lat- 
ter part of the last 15- to 17-year period. 

In figure 23 the change from minimum to maximum 
values of the seasonal index in 1923-24 was from 
about 40 to 160, aratio of 1 to4. Corresponding values 
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in 1939 are from a minimum of 65 to a maximum of 
133, a ratio of 1 to 2. 

Thus, while there has been a considerable change in 
seasonal indices over the longer period, with the in- 
creased reliability of operation of motor vehicles, better 
roads, and snow removal over the whole highway 
system, during the latter part of the period under 
discussion the apparent change in seasonal variation 
has been small. 

TRAFFIC FLOW BETWEEN 7 A. M. AND7 P. M. APPROXIMATELY 70 PER- 

CENT OF DAILY TOTAL 

It may also be noted that this relative invariance in 
seasonal change during the latter part of the period is 
more or less independent of the particular type of 
seasonal variation under consideration. For example, 
Florida’s seasonal traffic indices differ widely from 
those of Arkansas and even more widely from those of 
Connecticut. The minimum traffic in Florida is in 
September; whereas in Arkansas, it is in January; and 
in Connecticut, it is in February. Nevertheless the 

change in seasonal variation is nearly the same for all 
three States. 

There are other patterns of traffic that are reasonably 
invariant in the sense in which that term has previously 
been used. Tables 13, 14, and 15 contain data from 
automatic recorders on State routes, divided between 
heavy and light traffic routes, and on local routes, 
together with the computed ratios of several period 
totals to total daily traffic. An examination of these 
tables discloses interesting and significant facts. For 
example, the percentage of the total traffic moving 
between 7 a.m. and 7 p. m. is 71.9 for all routes and by 
classified routes is: 

Percent 

LS State rouvess bed wys Ula 11 Cae es TAO 
217 State routes wich tetra th Ce a oe ee eee ee eee 75. 8 
14: Local routes ie ho eee ee ee 78.1 

R. O. Swain, in the article from The American City 
previously referred to, states: 

That hourly traffic flow also cuts certain patterns is another 
Cherniack theory which may be applied to Texas traffic. Of 
value in this connection is the movement of motor-vehicle traffic 

TaBLE 13.—Traffic by hourly periods at automatic recorder stations, State routes, heavy traffic, 1939 

Volume by time of day Percentage of total volume 

aa Station | Total Rice ak Hl oh = 
plate No. Chae ys 6a.m. 2p.m. 10 p.m. 8 a.m. 7a.m. 6a.m 2 pemy |) 10 Doatvaall Sia tee ese eae nO 

to to to to to to to to to to 
2p.m. 10 p. m. 6 a.m. 4p.m. 7 p.m. 2p.m 109p.m. | 6a,m 4p.m. (in Oh aaate 

ai eeindcis f 1 | 1,045, 290 357, 007 558, 993 129, 290 438, 746 720, 648 34.2 53.5 12.3 42.0 68.9 
Se eS a I I 1 8 | 2,110, 370 801, 639 | 1,040, 069 268, 662 966, 815 | 1, 490, 998 38.0 49.3 12.7 45.8 70.7 
Misriiasteone f 2 |1 1,365, 076 475, 784 624, 939 264, 353 590, 833 901, 065 34.8 45.8 19. 4 43.3 66. 0» 

ea hoo pean e Sea ore \ 17 | 22,949,154 | 1,014,094 | 1,396, 555 538, 505 | 1,194,075 | 1,913, 666 34.4 47.3 18.3 40.5 64. 9 

Florida f 10 | 1, 260, 823 548, 867 576, 310 135, 646 657, 113 961, 999 43.5 45.7 10.8 52,1 76.3 
Be age eee \ 13 658, 659 274, 331 316, 150 68, 178 313, 335 493, 356 41.6 48.0 10.4 47. 6 74.9 

Michigans (Aes eee eee 676 | 1, 265, 045 490, 464 623, 114 151, 467 596, 616 912, 106 38. 8 49.2 12.0 47, 2 (psi 
AO ie yiE ye eee ee Ne ee 14 | 1,109, 565 463, 276 516, 364 129, 925 543, 593 830, 583 41.8 46,5 iy 49.0 74.9 

IMPissOlh eee nee ee ee 9 | 1,879, 116 704, 713 930, 552 243, 851 827,618 | 1,305, 289 37.5 49. 5 13.0 44.0 69.5 
Wexas Soo eben tee no ee 10 510, 302 228, 814 237, 471 44, 017 262, 527 401, 863 44.9 46.5 8.6 51.4 78.7 
Dolaridg.cce- ee 11 | 31,944, 663 809, 980 924, 853 209, 830 945, 578 | 1, 452, 261 41.6 47.6 10.8 48.6 74.7 
Vis Mini eitiqri ae wee eye cee 10 | 1, 200, 884 495, 714 585, 353 119, 817 578, 385 892, 854 41.3 48.7 10.0 48,2 74.3 

Oneponwe see .< e ee ee 2 337, 721 148, 001 150, 424 39, 296 183, 120 256, 884 43.8 44.6 11.6 | 54.2 76.1 
Giiocain f 5 289, 015 119, 347 142, 217 27, 451 153, 775 225, 398 al. & 49. 2 9.5 Gan 78. 0° 

; Seta ri aha ae ae \ 10 | 1,399,962 538, 271 619, 621 242, 070 657, 227 960, 344 38. 4 44.3 Wee 46.9 | 68. 6 

Motaltes. 7 ces a eee ea eee ae 19, 325,645 | 7,470,302 | 9,242,985 | 2,612,358 | 8,909,356 | 13, 719, 314 38.7 47.8 13.5 46.1 71.0 
| | 

1 Feb. 18, 1938-Feb. 17, 1939. 2 Feb. 25, 1939-Feb. 24, 1940. 3 Dec. 17, 1938-Dec. 16, 1939. 

TaBLE 14.—Traffic by hourly periods at automatic recorder stations, State routes, light traffic, 1939 

Volume by time of day Percentage of total volume 

= Total See Pat as as 
2 Station 
State r yearly 

No. Shea: 6 a.m. 2p.m. 10 p.m. 8 a.m. (AEs 106%, 6 a.m 2p.m. | 10p.m.}| 8a. m. 7a: WM, 
to to to to to to to to | to to 

PAS OY 180 10 p.m. 6 a.m. 4 p.m. iC Dede 2 Danivwe| OND. Te) (Gas Mia 4 oene UDpero. 
— = 4 aeons -- = |S > Pee oe ne Pod | "Soe 

; s . | 
SOT De gee eee | 5 | 72, 311 | 31, 060 35, 688 5, 563 38, 860 58, 239 43.0 49.3 ee) Bsa 80.5 
ACKAMSAS_ 2 ~ 2-22 78 ~ = a= === 7 | 63, 629 30, 821 28, 739 4, 069 34, 725 51, 509 48. 4 45,2 6.4 | A. 6 81.0 
Georgia. ....-- eee eee 11 100, 559 42, 729 50, 124 7, 706 52, 483 77, 861 42.5 49,8 erg 52. 2 | 77.4 
LOW. Sen ce eee ee re oem 607 154, 537 65, 870 74,135 Jd, 532 81, 364 118, 994 42.6 48. 0 9.4 | 62:74) 77.0 
WiGUIS Ala ee eeae eae ne ee eee 13 1 54, 938 29, 262 22, 097 3, 579 31, 850 46, 445 53.3 40. 2 6.5 | 58.0 | $4.5 

Zi | 
Minnesota......-----.---.......\/ 17t |? 91,365 36, 512 44, 943 9, 910 46, 443 66, 759 40.0 49,2 10.8 | 50.8 (peal 
ates \ 174 | 3 107, 561 52, 349 49, 145 6, 067 60, 716 85, 521 48.7 45.7 5.6 56.4 | 79.5 
Missouri... --------------------- i 212, 287 91, 694 103, 239 17, 354 109, 196 165, 286 43,2 48. 6 8.2 | Sla7, | 77.9 
whe sat ie owen nn en nnn nnn nnn = AW 178, 345 65, 897 89, 974 | 17,474 85, 732 128, 910 | 38. 0 51.9 10.1 49,5 | 74.4 
Nebraska__.~---------.------- A-3 17, 735 32, 381 38, 198 7, 156 39, 365 59, 004 41.7 49. J 9.2 50.6 | 75.9 

ERGY 0.2 eee ee ee ee 114 83, 728 | 35, 063 | 41, 519 7, 146 43, 385 65, 096 41.9 49.6 8.5 51.8 | Tek 
New Hampshire. ....-.------- = 3} 178,359) 78,442 88, 170 11,747 98, 509 141, 225 44.0 49 4 6.6 55.2 | 79.2 
Oklahoma__-..---------------- : 8 292, 276 118, 045 143, 160 31, 071 143, 739 217, 263 40. 4 49.0 10.6 49.2 74.3 
: peal nS ~~ === 222-22 ---2--- 7 | £130, 672 50, 721 68, 134 11, 817 58, 975 93, 890 38.8 52.1 9.1 45,1 | 71.9 
thode Island_._-.---.--------- 3 118, 034 42, 640 63, 706 11, 688 54, 334 84, 617 36.1 54. 0 9.9 46.0 Ahi 

South Carolina.......------.---. 104 meer Lee 101, 309 114, 861 28, 575 120, 267 179, 797 41.4 46.9 ay 49.1 73.5 
Parade ea eee ee a f 8 pe 113, 812 140, 050 33, 407 136, 034 206, 308 39. 6 48.8 11.6 | 47.4 fie 
eet \ a 180, 932 68, 411 95, 733 16, 788 81, 180 132, 950 37.8 52.9 9.3 | 44.9 | 73.5 
deer eer sith is ee Sp mae 258, 138 111, 994 122, 549 24, 195 133, 345 199, 005 43.3 47.4 9.3 | 51.5 | 76.9 
est The cae Se Meee 30, 552 35, 312 6, 120 38, 070 56, 209 42.4 49.1 8.5 52.9 78.1 

est Virginia._._---_..-----..-- as 157, 409 | 69, 344 76, 527 11, 538 85, 479 125, 615 44.1 48. 6 7.3 54.3 | 79. 8. 
“a | ; — : — —-. i - ay Pee Se — ——- 

Total. _------.------------ |---------- | 3,112,413 | 1,298,908 | 1, 526, 003 287, 502 | 1,574,651 | 2, 360, 503 41.7 49.0 9.3 50. 6 75.8 
a2 : } 2 | 

1 Oct. 29, 1938-Oct. 28, 1939. 2 Aug. 6, 1938-Aug. 5, 1939. * Aug. 20, 1938-Aug. 19, 1939. 4 Oct. 1, 1938-Sept. 30, 1939. 5 Mar. 18, 1939-Mar. 17, 1940. 
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Figure 22.—CuHANGES IN SEASONAL VARIATION OF TRAFFIC 
Between these ‘‘daylight”’ hours, 

Cherniack figures show that approximately 70 percent of the 
traffic moves in both rural and urban areas. 
according to data taken from the highway planning survey’s 20 
automatic traffic recorders, this ‘“‘daylight’’ percentage is 73.23. 

Thus the data shown in these tables agree with results 
It is also significant that the 

proportion of traffic moving during daylight is greater 
on the local routes (78.1 percent) as compared with the 
proportion on heavily traveled State routes (71.0 

obtained elsewhere. 

percent). 
Traffic during the period from 10 p. m. to 6 a. m. on 

the various classes of routes is 12.7 percent of the full 
24-hour traffic, and is classified by routes as follows: 

On Texas highways, 
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Tas_eE 15.—Traffic by hourly periods at automatic-recorder stations, local routes, 1939 

Volume by time of day Percentage of total volume 

F Total — 2 
Station r a | 

State No. ey 6 a.m. 2p.m. 10 p. m. 8 a.m. 7a.™m. 6 a.m 2p.m. | 10 p.m. | 8a. m. 7a.m 
to to to to to to to to to to 

2p. m. 10 p. m. 6 a.m. 4 p.m. Wf [0s 001 messi, |) A Mmojewaae, | alte san, 4p. m. 7 p.m, 
pan te eS Bane ES = —— ee —= ——- 

PAT STG SERENE eo Sem a 8 10 74, 190 36, 487 33, 926 3,777 40, 599 60, 699 49, 2 45.7 5.1 54.7 | 81.8 
Goorin ee oat eee a 2 41, 156 18, 965 19, 958 2, 233 21, 575 33, 702 46.1 48.5 5.4 52.4 81.9 
ae 609 34, 114 15, 051 16, 377 2, 686 18, 039 26, 314 44.1 48. 0 7.9 52.9 ied 

rae wae ee 611 23, 356 11, 810 10, 218 1, 328 14, 221 19, 586 50. 6 43.7 57, 60.9 83.9 
TK GntUCkyeees 2 eek oe a 4 105, 911 48, 342 49, 544 8, 025 52, 402 82, 129 45,6 46.8 7.6 49.5 77.5 
IVE aryilen deems Cae teae ds et ee 8 127, 563 58, 386 58, 588 10, 589 63, 817 95, 230 45.8 45.9 8.3 50.0 74.7 
Wainnesors 169 1 49, 477 25, 646 19, 960 3, 871 27, 970 38, 409 51.8 40.4 foe: 56. 5 77.6 

CO ERS ae ere 178 2 43, 396 Pil afl 19, 910 2, 315 24, 388 34, 898 48. 8 45.9 5.3 56. 2 80. 4 

Noni anete vee wate 5S ee A-2 49, 019 19, 449 25, 801 3, 769 24, 976 37, 969 39.7 52.6 Tai 51.0 | 77.5 
North Carolina wees nnn eaet 5 2 51, 653 22, 429 26, 259 2, 965 27, 054 41, 559 43. 5 50. 8 5,7 52.4 | 80.5 
Ohipgeu eee 5 47, 332 22, 701 22, 226 2, 405 27, 681 38, 701 48.0 47.0 5.00 58.5 | 81.8 
SouthiDakotarse see s=see ee! 105A 86, 127 35, 792 42, 478 7, 857 43, 298 65, 770 41.6 49.3 9.1 | 50.3 76.4 
clioxas weer eet beset 2 ae ee 22 3 29, 887 13, 218 14, 692 1, 977 15, 530 28, 754 44,2 49. 2 6.6 | 52.0 79.5 
SVVESCODIS ne Deed oe Bee Sige be 19 66, 841 27, 836 32, 600 6, 405 32, 843 49, 750 41.6 48,8 9.6 49. 1 74. 4 

ANT Nes = Ue ok oe ee eee 830, 022 377, 283 392, 537 60, 202 434, 393 648, 470 45.4 47.3 | 768 52.3 78.1 
as | | 

Grand total, tables 13, 14, e : 
Shela Riek: Aue eee ets Pye | ee 93, 268, 080 | 9, 146, 493 | 11, 161,525 | 2, 960, 062 | 10,918, 400 | 16, 728, 287 39.3 48. 0 12.7 46.9 71.9 

1 Aug. 6, 1938-Aug. 5, 1939. 2 Aug. 20, 1938-Aug. 19, 1939. 3 Nov. 19, 1938-Nov. 18, 1939. 
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Thus, the percentage of total traffic carried during 
the period from 10 p. m. to 6 a. m. for local routes is 
only half that for heavily traveled State routes. 

The percentages of the total daily traffic shown in 
tables 13, 14, and 15 indicate that the 8 a.m. to 4 p.m. 
period is the best 8-hour period from the standpoint of 
uniformity of results for light-traffic routes, whether 
these routes be State highways or local routes. Records 
for 86 percent of the local routes vary less than 5 
percent from the average during that 8-hour period, as 
compared with 81 percent for the light-traffic routes 
and 66 percent for the heavy-traffic routes on the 
State highway system. 

These “reasonably invariant’’ ratios provide a meas- 
ure of the accuracy of estimates of total yearly traffic 
volume made from traffic samples taken during rela- 
tively short periods of observation. The methods of 
deriving factors and their application have previously 
been discussed in PUBLIC ROADS.’ 

The results of automatic traffic recorder operations 
permit an analysis of the trends of traffic and, as the 
record accumulates, will be of increasing value for this 
purpose. As indicated in table 1, in 1937 there were 
199 recorders in operation. However, not all of these 
were operated for the full year. While the record is 
now rather short, it may be stated that over this period 
the percentage increases in traffic at all stations closely 
approximate the increase in gasoline consumption. 

3 Highway Traffic Analysis pfetods and Results, by L. E. Peabody. PUBLIC 
RO ADS, vol. 10, No. 1, March 1929 

It seems likely that the traffic data might provide a 
measure of business activity, both in general and for 
small areas or regions. The fact that both trucks and 
passenger cars are in the stream of traffic means that 
the data reflect business traffic as well as pleasure or rec- 
reational traffic. And since from 80 to 85 percent of all 
trips outside city limits are less than 20 miles in length,’ 
local characteristics must be well represented in the 
data. These characteristics are essential in an index of 
regional business activity and, properly weighted, 
should combine to provide equally good indices of na- 
tional business activity. 

The chief value of knowing the trends of traffic is 
their usefulness in estimating future traffic. When it 
is recalled that many of the elements of the highway 
have a long life and that some of them, structures such 
as bridges for example, frequently require large ex- 
penditures, the importance of an estimate of future 
traffic is apparent. 

The traffic estimate also provides a basis for estimat- 
ing future highway income and thus permits the setting 
up of a rational budget for highways. The more 
accurate and representative the traffic trend, the more 
dependable and useful will be future plans of improve- 
ment. The automatic recorders furnish a volume of 
data covering a wide-spread area that are more ac- 
curate and more useful in trend analysis than any 
previously gathered. 

8 Preliminary Results of Road-Use Studies, by R. H. Paddock and R. P. Rodgers, 
PUBLIC ROADS, vol. 20, No. 3, May 1939. 
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PUBLICATIONS of the PUBLIC ROADS ADMINISTRATION 

Any of the following publications may be purchased from 

the Superintendent of Documents, Government Printing Office, 

Washington, D. C. As his office is not connected with the 

Agency and as the Agency does not sell publications, please 

send no remittance to the Federal Works Agency. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1938, 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1939, 
10 cents. 

HOUSE DOCUMENT NO. 462 

Part | . . . Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2 . . . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3. . . Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4 . . . Official Inspection of Vehicles. 10 cents. 

Part 5 . . . Case Histories of Fatal Highway Accidents. 
10 cents. 

Part 6 . . . The Accident-Prone Driver. 10 cents. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

No. I91IMP. . Roadside Improvement. 10 cents. 

No. 272MP. . Construction of Private Driveways. 10 cents. 

No. 279MP. . Bibliography on Highway Lighting. 5 cents. 
Highway Accidents. 10 cents. 
The Taxation of Motor Vehicles in 1932. 35 cents. 

Guides to Traffic Safety. 10 cents. 

An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 

Highway Bond Calculations. 
Transition Curves for Highways. 

Highways of History. 25 cents. 

10 cents. 

60 cents. 

DEPARTMENT BULLETINS 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 

No. 1486D . . Highway Bridge Location. 15 cents. 

TECHNICAL BULLETINS 

No. 55T . . . Highway Bridge Surveys. 20 cents. 

No. 265T. . . Electrical Equipment on Movable Bridges. 
35 cents. 

Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 

MISCELLANEOUS PUBLICATIONS 
No. 296MP. . Bibliography on Highway Safety. 

House Document No. 272 . . . Toll Roads and Free Roads. 

Indexes to PUBLIC ROADS, volumes 6-8 and 10-20, inclusive. 

SEPARATE REPRINT FROM THE YEARBOOK 
No. 1036Y . . Road Work on Farm Outlets Needs Skill and 

Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 

UNIFORM VEHICLE CODE 
Act I.—Uniform Motor Vehicle Administration, Registration, 

Certificate of Title, and Antitheft Act. 

Act I].—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act III].—Uniform Motor Vehicle Civil Liability Act. 

Act IV.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 

Model Traffic Ordinances. 

A complete list of the publications of the Public Roads Ad- 
ministration, classified according to subject and including the 
more important articles in PUBLIC ROADS, may be obtained 
upon request addressed to Public Roads Administration, Willard 
Bldg., Washington, D. C. 
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